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Abstract 
Pyrolytic Graphite (PG) was metallized successfully using Cr-Ni films by arc ion plating (AIP) route. Adhesion strength of films
was characterized by Scratch testing (ST), and it was shown that critical load exceeded 40N, implying a good adhesion strength 
has been achieved in our study.   Wettability was evaluated with Ag72Cu28 brazing alloy on the surface, and a contact angle 
about 12e was obtained, which is very favorable to the subsequent brazing step. Present experimental results will   provide a 
drive for practical applications of PG materials.  
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1. Introduction 
Graphite materials have a very low secondary electron emission ratio, and can be used as electron collector 
electrodes of some vacuum electronic devices (such as space traveling wave tube) to improve the efficiency[1]. 
Compared to conventional graphite materials, pyrolytic graphite (PG) materials, which are prepared from a CVD 
processing route, demonstrate a denser microstructure and a higher mechanical strength. Therefore, it is more 
favorable to use PG materials as electron collector electrodes[2]. 
Usually, multistage depressed collector (MDC) was assembled to the devices to improve the efficiency. PG 
electrodes are commonly brazed to insulation materials (such as alumina) when used in MDC[3][4]. Before this, PG 
electrodes should be metallized for the purpose of brazing. High temperature Mo-Mn routes, which are widely used 
to metallize oxide ceramics, are not so applicable for metallizing PG materials due to a weak reactivity between 
metallized layer and carbon materials. Physical vapor deposition (PVD) technologies can provide more options and 
have been widely used to metallize many various nonmetal materials. Among the PVD technologies, arc ion plating 
(AIP) can achieve highest adhesion strength. 
In this study, Cr-Ni films were deposited on PG by AIP, where Cr and Ni were designed to produce good 
adhesion by Cr-C reaction and to improve wettability to the surface, respectively[5]. Thereafter, the microstructure, 
adhesion strength and wettability by AgCu brazing alloy of Cr-Ni films were analyzed and discussed. 
2. Experimental 
2.1Experimental apparatus  
An arc ion plating machine, model MIP-8-800 made by IMCAS in China, was used for the experiments. The 
machine was composed with big power gas ion and metal evaporation source, mainly used for plating Cr and Ni 
films on the PG. The machine picture is shown in Fig.1. A scratch testing machine, model WS-2005 made by 
Lanzhou Institute of Chemistry Physics in China, was used for scratch testing. The machine picture is shown in 
Fig.2. The morphology was analyzed by SEM, model KYKY-2800. 
             
Fig1. MIP-8-800                                                                    Fig.2. WS-2005 
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2.2 Experimental procedure  
Properties of the materials used in our experiments are tabulated in Tab.1. PG was machined to a ring firstly, then 
polished and cleaned. Subsequently, put the sample and targets onto the machine. The surface of PG was subjected 
to Ar ion sputtering step before Cr-film deposition to remove possibly existent contaminants. The parameters for the 
sputter targets were given in Table 2. In this process, charged particle bombarded the matrix, after that the Cr-film 
was formed on the surface of the PG. The Ni thin film shaped like this[8].  
Table 1     Materials for experiments 
Materials      composition         Density                         Machined roughness                Dimension 
(g/cm3)                                  Rmax(um)                              (mm) 
PG                    pure                    2.20                                4.02                                    Đ75xĐ55x1 
Cr                 99.999%                 7.20                                3.50                                    Đ
Ni                 99.999%                 8.50                                3.50                                    Đ
Table 2 Parameters for sputter  
Films             Bias voltage         Time              voltage            Time            voltage              Time 
        (V)                 (min)                 (V)               (min)               (V)                 (min) 
Cr               1000-400              1-2                 200                  20                  150                  40 
Ni                        ----                    ----                 200                  25                  150                  45 
3. Results and discussion 
3.1Microstructure of Cr-Ni films 
The thickness of Cr or Ni films is about 7µm measured by SEM and EDX according to above sputter parameters. 
Morphology of cross section is shown in Fig.3. It was shown that the metallized PG consisted of two clear layers, 
one layer is Cr-film, the other layer is Ni-film. Obviously, one unconspicuous transition layer exists between the 
substrate and Cr-layer, the borderline is zigzag, this is benefit to layers combination, because this combine including 
chemical bond and mechanical occlude[9].Lineanalysis of scan is done along the cross transaction of Ni-film, Cr-
film and substrate for known how does the element diffuse as shown in fig4. The phase of transition layer is mainly  
Cr7C3 examined by XRD as shown in fig5. This layer mainly is the alloy of Cr and C, It is important that the alloy 
insures the combination among the films. 
     
 Fig3. SEM image of PG-Cr-Ni film                                     Fig.4  Composition analysis of line scan 
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Fig.5 Result of XRD analysis                                      Fig.6 Sample of scratch testing 
3.2Adhesion Strength  
The interfacial adhesion and bond strength between thin film coating and substrate are often the predominant 
factor and chief target in determining the performance and reliability of thin film substrate system. Scratch testing is 
a useful method to characterize the adhesion strength of film and substrate, and therefore receive much attention. In 
this study, the adhesion strengths of between PG, Cr-film and Cr-film and Ni-film were evaluated by scratch testing. 
Results of scratch testing are shown in Fig.6 and Fig.7. The values of critical load Lc were given in Fig.8. There are 
two inflexions in this procedure because there are two coating films. The results of scratch testing show that the 
critical load exceed 40N average[10].  This indicates the interfacial adhesion and the bond strength are reliable. 
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 Fig.7 Friction-load chart                                                             Fig.8    Critical load (Lcx) 
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3.3Wetting property 
  Wettability to brazes is one of the most important requirements to the materials to be brazed. Generally, contact 
angle should be less than 20e to achieve satisfying brazing. In this study, the contact angle on the surface of Ni 
film is measured, because this film will be welded to insulation materials at last. The wetting test was done using 
Ag72Cu28 brazing at 790ć in a hydrogen furnace. Results of wetting test are given in Fig.9 and Fig.10. A contact 
angle about 12ewas obtained, suggesting that wetting property is good.  
                 
Fig.9 Sample of wetting with Ag72Cu28                                                                            Fig.10 Contact angle
4. Conclusion  
The surface of PG can be metallized with Cr and Ni films effectively by adopting arc ion plating method. The 
thickness of the films can be controlled by adjusting processing parameters, such as bias voltage, ion voltage, and 
processing time and so on. In this study, by selected feasible parameters, we achieved excellent Cr-Ni films on the 
surface of the PG. The adhesion strength of films can exceed 40N by scratch testing. It is significative for brazing 
with other metal in future. Furthermore, excellent wettability was obtained with Ag72Cu28 brazing alloy on the 
metalled surface, contact angle is about 12eonly.  
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